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© Electrophotographic photoreceptor. 

© An electrophotographic photoreceptor comprising a support having thereon at least one 

l^er containing at least an inorganic photoconductive materia, and a binder resm, wherem the bmder resm 

°° ntainS (A) at least one resin having a weight average molecular weight of from 1 * 10* to 3 * 10 * with at 
least one substituent selected from -P0 3 H 2 , -SOaH. -COOH, 
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wherein R represents a hydrocarbon group having from 1 to 10 carbon atoms or -OR . wherwn i R 
represents a hydrocarbon group having from 1 to 10 carbon atoms, and a cyclic ac, anhydnde-contanmg 
aroup being bonded to one or both of the terminals of the polymer main chain thereof, and 
9 P (B) a? least one resin having a weight average molecular weight of 5 * 10* or more and conta.n.ng. 
g as a polymerization component, at least a repeating unit represented by formula (b-i): 
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wherein T represents -COO-, -OCO-, -CH 2 0C0-, -CH.COO-, -0- or -S0 2 - V represents a ^carbon 
group having from 1 to 22 carbon atoms; and a, and *. wh.cb may be the same or different, eacn 
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represents a hydrogen atom, a halogen atom, a cyano group, a hydrocarbon group having from 1 to 8 
carbon atoms, -COO-Z.or -COO-Z bonded via a hydrocarbon group having from 1 to 8 carbon atoms, 
wherein Z represents a hydrocarbon group having from 1 to 18 carbon atoms; and wherein said Resin (B) is 
partially crosslinked. The photoreceptor exhibits excellent electrostatic characteristics, image forming 
performance as well as printing suitability regardless of a change in envirorunental conditions or the kind of 
sensitizing dye used in combination with the photoreceptor. 
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ELECTROPHOTOGRAPHIC PHOTORECEPTOR 



This invention relates to an electrophotographic photoreceptor, and more particularly to an elec- 
trophotographic photoreceptor having excellent electrostatic characteristics and moisture resistance, and, in 
particular, to an electrophotographic photoreceptor having excellent performance as a CPC photoreceptor. 

An electrophotographic photoreceptor may have various structures depending on the characteristics 
necessary or the electrophotographic processes employed. 

A system in which a photoreceptor comprising a support having thereon at least one photo conductive 
layer and, if necessary, an electrically insulating layer on the . surface thereof is widely employed. The 
photoreceptor composed of a support and at least one photoconductive layer is subjected to ordinary 
electrophotographic processing for image formation including charging, imagewise exposure, development 
and, if necessary, image transfer. 

Electrophotographic photoreceptors have also been used widely as an offset printing plate precursor for 
direct printing plate making. In particular, a direct electrophotographic lithographic printing system has 
recently acquired a greater importance as a system providing hundreds to thousands of prints of high 
image quality. 

Binders to be used in the photoconductive layer should per se have film-forming properties and. the 
capability of dispersing photoconductive particles therein. Moreover, when formulated into a photoconduc- 
tive layer, binders should exhibit satisfactory adhesion to a support. They are also required to have various 
electrostatic characteristics and image-forming properties, such that the photoconductive layer exhibits 
excellent electrostatic capacity, small dark decay and large light decay, hardly undergo fatigue before 
exposure, and maintain these characteristics in a stable manner against a change of humidity at the time of 
image formation. 

Binder resins which have been conventionally used include silicone resins (see JP-B-34-6670) (the term 
•\JP-B n as used herein refers to an "examined Japanese patent publication"), styrene-butadiene resins (see 
JP-B-35-1960), alkyd resins, maleic acid resins and polyamides (see JP-B-35-11219), vinyl acetate resins 
(see JP-B-^41-2425), vinyl acetate copolymer resins (see JP-B-41-2426), acrylic resins (see JP-B-35-11216), 
acrylic ester copolymer resins (see JP-B-35-11219. JP-B^36-8510 and JP-B-41 -13946), etc. However, 
electrophotographic photosensitive materials using these known resins suffer from a number of disadvan- 
tages, such as 1) poor affinity for photoconductive particles (poor dispersion of a photoconductive coating 
composition); 2) low charging properties of the photoconductive layer; 3) poor quality, of the reproduced 
image, particularly dot reproducibility or resolving power; and 4) susceptibility of the reproduced image 
quality to. influences from the environment at the time of electrophotographic image formation, such as a 
high temperature and high humidity condition or a low temperature and low humidity condition; and the like. 

To improve the electrostatic characteristics of a photoconductive layer, various proposals have hitherto 
been made. For example, it has been proposed to incorporate into a photoconductive layer a compound 
containing an aromatic ring or a furan ring containing a carboxyl group or a nitro group, either alone or in 
combination with a dicarboxylic acid anhydride as disclosed in JP-B-42-6878 and JP-B-45-3073. However, 
the- thus improved photosensitive materials still have insufficient electrostatic characteristics, particularly, 
light decay characteristics. The insufficient sensitivity of these photosensitive materials has been com- 
pensated for by incorpo rating a large quantity of a sensitizing dye into the photoconductive layer. However, 
photosensitive materials containing a large quantity of a sensitizing dye undergo a considerable deteriora- 
tion in whiteness, which means reduced quality as a recording medium, and sometimes deterioration of 
dark decay characteristics occurs, resulting in the failure to obtain a satisfactory reproduced image. 

• On the other hand, JP-A-60-10254 (the term "JP-A" as used herein refers to a "published unexamined 
Japanese patent application") suggests control of the average molecular weight of a resin to be used as a 
binder of the photoconductive layer. According tp this suggestion, the combined use of an acrylic resin 
having an acid value of from 4 to 50 whose average molecular weight is distributed within two ranges, i.e., a 
range of from 1 x 10 3 to .1 x 10 4 and a range of from 1 x 10* and 2 x 10 s , would improve electrostatic 
characteristics, particularly reproducibility as a PPC photoreceptor on repeated use, moisture resistance and 

the like, ' 

In the field of lithographic printing plate precursors using electrophotographic photoreceptor , extensive 
studies have been conducted tp provide binder resins for a photoconductive layer having electrostatic 
characteristics compatible with printing characteristics. Examples of binder resins so far reported to be 
effective for oil desensitization of a photoconductive layer Include a resin having a molecular weight of from 
1.8 x 10* to 10 x 10* and a glass transition point of from 10 'C to 80 'C obtained by copolymerizing a 
(meth)acrylate monomer and a copolymerizable monomer in the presence of fumaric acid in combination 
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with a copolymer of a (meth)acrylate monomer and a copolymerizable monomer other than fumaric acid as 
disclosed in JP-B-50-31011; a terpolymer containing a (meth)acrylic ester unit having a substituent having a 
carboxyl group at least 7 atoms distant from the ester linkage as disclosed in JP-A-53-54027; a tetra- or 
pentapolymer containing an acrylic acid unit and a hydroxyethyl (meth)acrylate unit as disclosed in JP-A- 
s 54-20735 and JP-A-57-202544; a terpolymer containing a (meth)acrylic ester unit having an alkyl group 
having from 6 to 12 carbon atoms as a substituent and a vinyl monomer containing a carboxyl group as 
disclosed in JP-A-58-68046; and the like. ' ' 

Nevertheless, these resins proposed have been proved by actual evaluations to be unsat«sfactory for 
practical use in charging properties, dark charge retention, photosensitivity, and surface smoothness of the 

to photoconductive layer. 

The binder resins proposed for use in electrophotographic lithographic printing plate precursors were 
also proved by actual evaluations to give rise to problems relating to electrostatic characteristics, back- 
ground staining of prints, and moisture resistance. 

Further known resins were found still to be insufficient to maintain performance propert.es .n a stable 
,s manner regardless of considerable variations in environmental conditions of from high temperature and h.gh 
humidity to low temperature and low humidity. In particular, an electrophotographic photoreceptor employed 
in a scanning exposure system using a semiconductor laser beam as a light source must possess higher 
electrostatic characteristic performance, particularly dark charge retention and photose-ns.tlv.ty, since the 
time of exposure is longer than that required in the case of conventional exposure to visible light over the 
20 entire surface thereof and also the exposure intensity is limited. . 

One object of this invention is to provide an electrophotographic photoreceptor having improved 
electrostatic characteristics, particularly dark charge retention and photosensitivity, and improved image 

reproducibility. . , , . „ 

Another object of this invention is to provide, an electrophotographic photoreceptor which forms a clear 
2S reproduced image of high quality regardless of the variation in environmental conditions at the bme of 
image reproduction, such as a change to a low temperature and low humidity condition or to a h.gh 
temperature and high humidity condition. • . 

Still another object of this invention is to provide a CPC electrophotographic photoreceptor hev.ng 
excellent electrostatic characteristics and small effects due to the environment. 
30 A further object of this invention is to provide a lithographic printing plate precursor which provides a 
lithographic printing plate where no background stains occur, 

A still further object of this invention is to provide an electrophotographic photoreceptor which is hardly 
influenced by the kind of sensitizing dyes used in combination. 

Yet a further object of this invention is to provide an electrophotographic photoreceptor which can be 
as . effectively employed in a scanning exposure system utilizing a semiconductor laser beam. 

It has now been found that the above objects of this invention are accomplished by an electrophotog- 
raphic photoreceptor comprising a support having thereon at least one photoconductive layer containing at 
least an inorganic photoconductive material and a binder resin, wherein the binder resin contains 

(A) at least one resin having a weight average molecular weight of from 1 x 10 3 to 3 x 10 with at. 
40 .least one substituent selected from the group consisting of -P0 3 H 2 . -S0 3 H. -CO0H, 

0 

I 

-P-OH, 

• i 



wherein R represents a hydrocarbon group having from 1 to 10 carbon atoms or -OR wherein R 
50 represents a hydrocarbon group having from 1 to 10 carbon atoms, and a cyclic acid anhydride-containing 
group, being bonded to one or both of the terminals of the main chain thereof, and 

(B) at least one resin having a weight average molecular weight of 5 x 10* or more and containing, as 
a polymerization component, at laast a repeating unit represented by formula (b-i): 
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a a 2 

-fri tj- (b-i ) 

I I 
H T-V 

wherein T represents -COO-. -OCO-, -CH 2 OCO-, -CH 2 COO-. -0- or -S0 2 -; V represents a hydrocarbon 
group having from 1 to 22 carbon atoms; and a and a*, which may be the same or different each 
represents a hydrogen atom, a halogen atom, a cyano group, a hydrocarbon group havmg from 1 to 8 
carbon atoms, -COO-Z. or -COOZ bonded via a hydrocarbon group having from 1 to 8 carbon atoms, 
wherein Z represents a hydrocarbon group having from 1 to 8 carbon atoms; wherein Resm (B) has a 

crosslinked structure. . . .. 

In a preferred embodiment of the present invention, Resin (A) contains, as a polymenzation component, 
rs not less than 30% by weight of at least one repeating unit represented by formula (a-i) or (a-n): 
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wherein X, and Xa each represents a hydrogen atom, a hydrocarbon group having from 1 to 10 carbon 
atoms, a chlorine atom, a bromine atom. -COY, or -COOY 2 , wherein Y, and Y 2 each represents a 
hydrocarbon group having from 1 to 10 carbon atoms, provided that both X, and X 2 do not simultaneous y 
represent a hydrogen atom: and W, and W 2 each represents a bond or a linking group containing from 1 to 
4 linking atoms which connects the -COO- moiety and the benzene nng. 

In Resin (A), it is preferable that the above-described specific substituent is bonded to only one of the 

terminals of the polymer main chain. 

In another preferred embodiment of the present invention, Resin (B) has bonded to only one of at least 
one polymer main chain thereof at least one polar group selected from the group consisting of -P0,H 2 , 
-SO3H, -COOH. -OH. -SH, 

0 

i 

-P-OH, 



OR" 
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wherein r" represents a hydrocarbon group, a cyclic acid anhydride-containing group, -CHO, -CONH 2 . 
-S0 2 NH 2 and 
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wherein bi and b 2 . which may be the same or different each represents a hydrogen atom or a hydrocarbon 
group. 

It is preferable that Resin (B) does not contain, as a polymerization component, a repeating unit 
containing the specific substituent which is present in Resin (A), 

The binder resin according to the present invention comprises at least a low molecular Resin (A) with 
an acidic group and/or a cyclic acid anhydride-containing group (the cyclic acid anhydride-containing group 
will hereinafter be considered encompassed by the terminology "acidic group" unless otherwise indicated) 
being bonded not to the side chain of the main chain thereof but to the terminals of the main chain thereof, 
and a high molecular Resin (B) at least a part of which is crosslinked. Resin (B) is preferably a resin having 
a specific polar group bonded to at least one of the terminals of the main chain thereof (hereinafter; 
sometimes referred to as resin (B')) ( and more preferably a resin containing no acidic group as recited with 
respect to Resin (A) in the side chain thereof. . 

It has been confirmed that the acidic groups bonded to the terminal(s) of the polymer main chain of 
Resin (A) are adsorbed onto stoichiometric^ defects of an inorganic photoconductive substance and 
sufficiently cover the surface thereof, whereby electron traps of the photoconductive substance can be 
compensated for and humidity resistance can be greatly improved, while assisting sufficiently the disper- 
sion of the photoconductive particles without agglomeration. The fact that Resin (A) has a low molecular 
weight also functions to improve the covering power for the surface of the photoconductive particles. 

Resin (B) functions to increase the mechanical strength of the photoconductive layer, which is 
insufficient with Resin (A) alone, without impairing the excellent electrophotographic performance achieved 
by the use of Resin (A). 

The photoconductive layer obtained by the present invention has improved surface smoothness. If a 
photoreceptor to be used as a lithographic printing plate precursor is prepared from a nonuniform 
dispersion of photoconductive particles in a binder resin with agglomerates being present, the photoconduc- 
tive layer has a rough surface. As a result, nonimage areas cannot be rendered uniformly hydrophilic by an 
oil desensitization treatment with an oil-desensitizing solution. This being the case, the resulting printing 
plate causes the printing ink to adhere to the nonimage areas on printing. This phenomenon leads to 
background stains in the non-image areas of the prints. 

Since binder Resin (B) has a moderately crosslinked structure, and the preferred Resin (B), i.e., resin 
(B'). has a polar group at only one terminal of the main chain thereof, it. is believed that an interaction 
among the high molecular weight chains and, further, a weak interaction between the polar group and the 
photoconductive particles synergistically result in a markedly improved film strength consistent with the 
excellent electrophotographic characteristics achieved. 

On the other hand, if Resin (B) contains the same acidic group as that in Resin (A), there is a tendency 
for the dispersion of the photoconductive substance to be destroyed resulting in the formation of 
agglomerates or precipitates. Even if a coating film might be formed, considerable daterioration of the 
electrostatic characteristics of the resulting photoconductive layer occurs, or the photoreceptor tends to 
have a rough surface and thereby film strength in relation to mechanical abrasion deteriorates. 

Even in using low molecular weight Resin (A) of the present invention alone as a sole binder resin, the 
binder is sufficiently adsorbed onto the photoconductive particles to cover the surface of the particles to 
thereby provide a smooth photoconductive layer, satisfactory electrostatic characteristics, and stain-free 
images. The film strength of the resulting photoreceptor, however, is still insufficient for printing durability. 

Hence, only if binder resins (A) and (B) are combined, are the adsorption/covering interactions between 
the inorganic photoconductive substance and the binder resin exerted properly and sufficient film strength 
is retained. 

Resin (A), which is used in the present invention as a binder, has a weight average molecular weight of 
from 1 • x 10 3 to 3 x 10\ preferably from 3 x 10 3 to 1 x 10*. The content of the specific acidic group 
bonded to the terminal(s) of the polymer main chain ranges from 0.5 to 15% by weight preferably from 1 to 
10% by weight. Resin (A) preferably has a glass transition point (Tg) of from -10* C to 100 C, more 
preferably from -5 ' C to 80 " C. 

If the molecular weight of Resin (A) is less than 1 x 10 3 , the film-forming properties of the binder are 
reduced, with sufficient film strength not being retained. On the other hand, if it exceeds 3 x 10\ the 
electrophotographic characteristics, and particularly the initial potential and dark decay retention, are 
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high molecular might polymer with the acidc group content exceeo.ng J ... ™ 

background staining in application as an offset master. weighl, the initial potential is too 

atom, an alkyl gyoup haying pp to 4 eerbon ^^^t^i^^^- oioh'orobena,.. 

do not simultaneously represent a hydrogen atom. conne cts the -COO- 

Wi represents a bond or a linking group cantoning 1 to 4 ■£"»: wh,ch co anrf 
, moiety and the benzene ring, e.g., <CH 2 ^ (n: 1. 2 or 3). -CHzCH 2 0C0 . <CH 2 U^ c 

?n formula fa-iiY W 2 has the same meaning as Wi of formula (a-i). 

SpSc exCle^Lng units represented by formu.a (a-i) or (a-ii) are shown below. 
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The acidic group bonded to the terminals of the polymer main chain in Resin (A) preferably includes 
-PO3H2, -S0 3 H, -COOH, 

30 

0 

II 

-P-OH, 

I 

35 OR' . 



and a cyclic acid anhydride-containing group. 
In the group 



40 



0 

\ 

-P-OH, 

I 

45 R 
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R represents a hydrocarbon group or -OR , wherein R represents a hydrocarbon group. 
group represented by R or R preferably includes an aliphatic group having from 1 to 22 carbon atoms 
fe o methyl ethyl, propyl, butyl, hexyl. octyl. decyl. dodecyl, octadecyl. 2-chloroethyl. 2-methoxyethyl, 3- 
thWY i Z cmtonyl . butenyl, cyclohexyl, benzyl, phenethyl. 3-phenylpropyl, ^enzy 
chlorobenzyl. fluorobenzyl. methoxybenzyl) and a substituted or unsubstitoted aryl group <-*£«^ 
ethylphenyl. propylphenyl, chlorophenyl, fluorophenyl, bromophenyl, chloromethylphenyl. dichlorophenyl. 
methoxyphenyl, cyanophenyl, acetamidophenyl, acetylphenyl, butoxyphenyl). , nh „ riri HP 

The cyclic add anhydride-containing group is a group containing at least one cycl.c ^ 
The cyclic acid anhydride present includes aliphatic dicarboxylic acid anhydrides and aromahc d.carboxyl.c 

^'^Tedfictxamples of suitable aliphatic dicarboxylic acid anhydrides include a succinic anhydride ring, a 
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' olutaconic anhydride ring, a maleic anhydride ring, a cyclopentane-1.2-dicarboxyl.c acd anhydnde ring, a 
SSSiriSS^ acid anhydride ring, a cyclohexene-1 .2-dicarboxylic aod I anhydnde nng^a 2.3- 
^^Sl^dte^Bo acid anhydride ring. These rings may be substituted with, for example, a 
Sen atom (e.g., chlorine, bromine) and an alkyl group (e.g.. methyl, ethyi, butyl, hexyl) 

s feed ic examples of aromatic dicarboxylic acid anhydrides are a phthaHc anhydnde nng a naph- 
thaleneSboSTc acid anhydride ring, a pyridinedicarboxylic acid anhydnde ring, and a th.oph nec car- 
botvJc Sd anhydride ring. These rings may be substituted with, for example, a halogen atom (e.g. 
Sne blTnel an aljgroup (e.g., 9 methy., ethyi. propy.. butyl), a hydroxy! group, a cyano group, a 
nitro group, and an alkoxycarbonyl group (e.g.. fnethoxycarbonyl, ethoxycarbonyl). 

,„ Resin A) can be synthesized in such a manner that the specific ac,d.c group may be bonded to the 
termS f he main chain of a polymer, preferably a polymer comprising at least one repeating udrt of 

in P Dreyfuss and R.P. Quirk. Encyclo. Polym. So. Eng., No. 7, p. 551 (1987). V. Pe cec ^EL __ 
v„l «? n 95 fl985) PF Re™p^d~ERanta, Adv. Polym. Sci.. Vol. 58. p. 1 (1984), Y. Yamashte, J. 
20 ^ ?! ^ ^ sU. Vol. 36. p.^93 W).lnd R- Asami and M. Takak,. Macron^ 

^s^mayfu^Lpdse other copo.ymerization components in. addition to the components of 
*. ?nTu,a aTor (a-ii) Examples of suitabie monomers corresponding to the other copoiymenzat,on 

JSZi nclude i! 0 ef.ns vTn y ralkanoates. ally) alkanoates, acrylonitrile. methacrylonitrile, vinyl ethers. 

T 12 r^ac^l'^ acrylamides. methacrylamides, styrenes. and heterocyclic vinyl com- 
" ^ viny.imidazole, vinylthiophene, .ny.imidazo.ine, vinylpyrazo.e. 

^ZZ^T^^^T^ cont^ing at least one gating unit represented 
by toSaS- id havinga weight average moiecuiar weight of 5 *f°^^J^Z 
to 6 * 10*. Resin (B) preferably has a glass transition po.nt of from 0 C to 120 C, more preferaDiy rrom 



35 



10 SSfwi* average molecular weight of Resin (B) is less than 5 x 10*. the improvement in film 
strengtMsTnsu«Lent Jit exceeds 6 x 10*. Resin (B) is substantially not soluble in organs solvents and ,s 

° f "ReJnletisT polymer or copolymer having the above-described physical properties, which is obtained 
by ^ZS^oJZrr^o, to the repeating ^^^^SSSST 
monomer with other copolymerizable monomer(s). a part of the polymer or copolymer bemg crosslmked. 
In formula (b-i), each of the hydrocarbon groups may have a substituent. • 
T preferably represents -C00-, -0C0-, -CH 2 OCO-. -CHaCOO- or -0-. more preferably -COO-, -CH, 



40 V preferably represents a substituted or unsubstituted hydrocarbon group having from 1 to 18 carbon 
atomsCfubsSt may be any substituent other than tine poiar group bonde to one 
polymer main chain, including a halogen atom (e.g.. fluonne. chlonne bromme). -O-V ^ d 
OCO-V, wherein V,, V 2 and V 3 each represents an alkyl group havmg from 6. to 22 carbon a oms ^e.g.. 

n 4 to i £r. 

S ° £7 to 1 ^^^ (8^^. P^y«- 3-Phenylpropyl. naphthyimethyl. 2-naphthy,ethy . 
Srobe^y .^moben^ methoxybenzyl. dimethylbenzyK 

a substituted or unsubstituted alicyclic group having from 5 to 8 carbon atoms (e.g., cyclohexyl. 2 
2ZSLl 2 cvclooentvlethyl) and a substituted or unsubstituted aromatic group havmg from 6 to 12 
cyciohexyle thy I 2-cy , propy ,p h enyl. butylphenyl. octylphenyl. dodecylphenyl. 

55 SScS^S/ ^uSSA- de'cyioxyp^yl chiorophenyi. dichlorophenyi. bromophenyi. 

ethoxycarbonylphenyi. butoxycarbonylphenyl. ac- 
atamidophenyl. propionamidophenyl. dodecyloylamidophenyl). 
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15 



20 



25 



30 



a, and a 2 , which may be the same or different, each preferably represents a hydrogen atom, a halogen 
atom (e.g., fluorine, chlorine, bromine), a cyano group, an alky I group having from 1 to 3 carbon atoms, or 
-COO-Z or -CH 2 COO-Z (Z preferably represents an aliphatic group having from 1 to 22 carbon atoms). 
Each of a, and a 2 more preferably represents a hydrogen atom, an alkyl group having from 1 to 3 carbon 
atoms (e.g., methyl, ethyl, propyl), or -COO-Z or -CH 2 COO-Z, wherein Z more preferably represents an 
alkyl or aikenyl group having from 1 to 18 carbon atoms (e.g., methyl, ethyl, propyl, butyl, hexyl, octyl, 
decyi, dodecyl, tridecyi, tetradecyl, hexadecyi, octadecyl, pentenyl, hexenyl, octenyl, decenyl). These alkyl 
and aikenyl groups may each have a substituent similar to those listed above for V. 

In the preparation of Resin (B), introduction of a crosslinked structure into the polymer can be carried 
out using generally known methods, such as a method in which monomers are polymerized in the presence 
of a polyfunctional monomer and a method in which a polymer containing a functional group capable of 
undergoing a crosslinking reaction is subjected to high polymer reaction for crosslinking. 

A crosslinking reaction induced by a self-crossiinkable functional group: -CONHCH 2 OR 0 , wherein R 0 
represents a hydrogen atom or an alkyl group, or a crosslinking reaction induced by polymerization is 
effective in view of freedom from problems, such as the reaction takes a long time, the reaction is not 
quantitative, or impurities originating from, for example, a reaction promotor are present in the final product. 

In using a polymerization reactive group, it is preferable that a monomer having two or more 
polymerizable functional groups is copolymerized with the monomer of the formula (b-i) to thereby form a 
crosslinked structure across the polymer chains. 

Specific examples of polymerizable functional groups include CH 2 =CH- f CH 2 = CH-CH 2 -, 

O 
(I 

CH 2 =CH-C -0-, 

- CH„ 0 CH ' 0 CH 3 

I II I ! l " I 

CH 2 =C C-0-, CH=CH-C-0-, CH 2 =CH-CONH- , CH 2 =C-CONH- , 

CH, 0 CH 0 .0 

I 3 • II ( I! : i 

CH=CH-C0NH-, CH 2 -CH-0-C-, CH =C-0-C-, CH =CH-CH 2 -0-C- , 
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CH 2 =CH-NHC0-, CH 2 = CH-CH 2 -NHC0-, CH 2 =CH-S0 2 -. CH 2 = CH-C0-, CH 2 = CH-0-, and CH 2 =CH-S-. 
The two or more polymerizable functional groups in the monomer may be the same or different from each 
other. 

Examples of suitable monomers having the same polymerizable functional groups include styrene 
derivatives (e.g., divinylbenzene and trivinyibenzene); methacrylic, acrylic or crotonic esters, vinyl ethers or 
aliyl ethers of polyhydric alcohols (e.g., ethylene glycol, diethylene glycol, Methylene glycol, polyethylene 
glycol #200, #400 or #600. 1,3-butylene glycol, neopentyl glycol, diprgpylene glycol, polypropylene glycol, 
trimethylolpropane, trimethylolethane, and pentaerythritol) or polyhydroxyphenols (e.g., hydroquinone, resor- 
cin. catechol and their derivatives); vinyl esters, allyl esters, vinylamides or ailyiamides of dibasic acids 
(e.g., malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, maleic acid, phthatic acid, and 
itaconic acid); and condensation products of polyamines (e.g., ethylenediamine, 1 ,3-propyfenediamine, and 
1.4-butylenediamine) and vinyl-containing carboxyiic acids (e.g., methacrylic acid, acrylic acid, crotonic 
acid, and allylacetic acid). 

Examples of monomers having different polymerizable functional groups include vinyl-containing ester 
derivatives or amide derivatives of vinyl-containing carboxyiic acids (such as methacrylic acid, acrylic acid, 
rnethacryloylacetic acid, acryloylacetic acid, methacryloylpropionic acid, acryloylpropionic acid, 
itaconyloylacetic acid, itaconyloylpropionic acid, and a reaction product of a carboxyiic acid anhydride and 
an alcohol or an amine (e.g., allyloxycarbonylpropionic acid, allyloxycarbonylacetic acid, 2-allyloxycarbonyl- 
benzoic acid, and allylaminocarbonylpropiohic acid)) (e.g., vinyl methacrylate, vinyl acrylate, vinyl itaconate, 
allyl methacrylate, allyl acrylate, allyl itaconate, vinyl methacryloylacetate, vinyl methacryloylpropionate, allyl 
methacryloylpropionate, vinyloxycarbonylmethyl methacrylate, vinyloxycarbonylmethyloxycarbonylethylene 
acrylate, N-allylacrylamide, N-allylmethacrylamide, N-allyiitaconamide, and methacryloylpropionic acid al- 
55 iylamide); and condensation products of amino alcohols (e.g., aminoethanol, . 1-aminopropanol, 1- 
aminobutanol, 1-aminohexanol, and 2-aminobutanol) and vinyl-containing carboxyiic acids. 

Resin (B) having a partially crosslinked structure can be obtained by using the above-described 
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monomer is preferably not more than 5% by weight. ^ , cross linked structure 

mayT ffiT S r^-C^^^ ' — 
group ca P ab.e of undergoing a curing reaction on ^^^J^^,^ .action among 
This crosslink functional group « ^J™^- Jj," bonding through a 

molecules to form a chemical bond. That is, any reaction moo . polymerization 

sss: spa: S£«xssss: 



-COOH, -P0 3 H 2l 
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-p-or; 

I 

OH 
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u - ~ fr^m 1 tn ift nrsferablv from 1 to 6, carbon atoms (e.g., 
(wherein R, represents an alkyl group having from 1 to_ I . P re ™ y ; ra atoms (e . g ., be nzyl, 

S £ m eJ;Xr P ropy. and buty.)) and (2) a funotiona. group selected from the group cons.st.ng of 

/ \ / \ 

-CH 2 -CH, -CH 2 -CH, 

- smmmtKBSSSSsaaa 

dflerenteopolymetteatloncpmponenls. ™ni„ m .,iz,iion component containing tto abov«- 

ExamplM Of n,onoma, s ccmaapondmo . tM 'J^^T^J. a functional group 
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acid a-acetoxymethylacrylic acid, a-(2-aminomethyl)acrylic acid, a-chloroacrylic acid, a-bromoacry .c ac.d, 
a-fiuoroacrylic acid, a-tributylsilylacrylic acid, a-cyanoacrylic acid. 0-chloroacrylic acid, 0-bromoacryl.c ac.d 
cx-chloro-0-methoxyacrylic acid, and a.^-dichloroacrylic acid), methacrylic acid, itaconic acid, itacomc ; acid 
half esters, itaconic acid half amides, crotonic acid, 2-alkenylcarboxylic acids (e.g., 2-penteno.c ac.d 2- 
methyl-2-hexenoic acid, 2-octenoic acid, 4-methyl-2-hexenoic acid, and 4-ethyl-2-octeno.c acid), male.c 
acid maleic acid half esters, maleic acid half amides, vinylbenzenecarboxylic acid, vinylbenzenesulfon.c 
acid! vinylsulfonic acid, vinylphosphonic acid, vinyl or ally! half esters of dicarboxylic acids and ester or 
amide derivatives of these carboxylic acids or sulfonic acids having the aforesaid crossi.nk.ng fur.ct.onal 

group in the substituent thereof. , .dinvinn 

It is preferable that the proportion of the copolymerization component containing the crossl.nk.ng 
functional group in Resin (B) is from 1 to 80% by weight more preferably from 5 to 50% by we.ght. 

In the preparation of Resin (B) containing a crosslinking functional group, a reaction accelerator for 
accelerating the crosslinking reaction may be used, if desired. Examples of suitable reaction accelerators 
include acids (e.g.. acetic acid, propionic acid, butyric acid, benzenesulfonic acid, and p-toluenesulfon.c 
acid) peroxides, azobis compounds, crosslinking agents, sensitizing agents, and photopolymenzable 
monomers. More specifically, crosslinking agents described, e.g., in Shinzo Yamashita and Tosuke Kaneko 
fed) Kakyozai. Handbook. Taiseisha (1981) can be used. For example, commonly employed crossl.nk.ng 
agentslUchTs organosila nes. polyurethane, and polyisocyanate; and curing agents such as epoxy res.ns 
and melamine resins can be used. 

Where Resin (B) contains a light-crosslinkable functional group, the compounds desenbed in the 
references cited above with respect to photosensitive resins can' be used. 

In addition to the monomers corresponding to the repeating unit of formula (b-.) and the aforesa.d 
polyfunction^ monomers. Resin (B) may further contain other monomers (e.g.. those reeled as 
Gomonomers which may be used in Resin (A)) as copolymerization components. 

While Resin (B) is characterized as having at least a partial crosslinked structure as stated above, it 
must also be soluble in organic solvents used for preparation of a dispersion for forming a phptoconduct.ve 
layer In more detail. Pesin (B) should have a solubility of at least 5 parts by weight in 100 parts by we.ght 
of eg a toluene solvent at 25 *C. Suitable solvents as above referred to include halogenated hydrocar- 
bons eq dichloromethane, diehloroethane. chloroform, methy (chloroform and trichlene; alcohols, e.g., 
methanol ethanol. propanol and butanol; ketones, e.g., acetone, methyl ethyl ketone and cyc.ohexanone; 
ethers eg tetrahydrofuran and dioxane; esters, e.g.. methyl acetate, ethyl acetate, propyl acetate, tarty 
acetate and methyl propionate; glycol ethers, e.g.. ethylene glycol monomethyl ether and 2-methoxyethyl 
acetate: and aromatic hydrocarbons, e.g.. benzene, toluene, xylene and chlorobenzene. These solvents may 
be used either individually or as a combination thereof. . 

Of the above-described Resins (B). preferred are Resins (B ) in which at least one polar group selected 
from the group consisting of -PO3H2, -SO3H. -COOH, -OH. -SH, 

0 
!| 

-P-OH 

I 

OR" 

(wherein R* represents a hydrocarbon group, more specifically r" has the same meaning as R), a cyclic 
acd anhydride-containing group (i.e.. having the same meaning as described with respect to Resm (A)). 
-CHO, -CONH2; -S0 2 NH 2 , and 

-N 



(wherein b- and b 2 . which may be the same or different, each represents a hydrogen atom or a 
hydrocarbon group) is bonded to only one of the terminals of at least one main chain thereof, with this 
polymer having a weight average molecular we,ght of- not less than 5x10*, preferably from 8x10 to 6 x 

1 Resin (B') preferably has a Tg of from 0* C to 120* C, more preferably from 10' C to 95* C. 
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Examples of hydrocarbon groups represented by b, or b 2 in the polar group 



-N 

^ b 2 



10 



0 



-P-OH. 

I 

OR" 



' The *~p«M p* group ma, be ^ «c one C ma polymer main - — i t*» 

■ - zrss r/nrrr"-a^r: M , a— ««, ^ 

l^„ « combination thereof. Examples .( suitable (inking groups am 

- I 

R 12 
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^CH-CH* ' -°-< - S -:. " C - T' " C0 °" 



13 



13 

-SO--, -CON- , -S0 2 N-, -NHCOO-, -NHCONH- , and -Si- 
2 i z | I 
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«n*« ,1 at leas. on. main pohmre, rd»n ^^^.ll J, . polymer obtained by 
process in which a various kind of a reagent is reactea 
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conventionally known anion polymerization or cation polymerization; a radical polymerization process, in 
which radical polymerization is performed in the presence of a polymerization initiator and/or a chain 
transfer agent each of which contains a specific polar group in the molecule thereof; or a process in which a 
polymer having a reactive group at the terminal as obtained by the above-described, ion polymenzation or 
radical polymerization is subjected to high polymer reaction to convert the terminal group to a specific polar 

group. ' 

For the details of these processes reference can be made to P. Dreyfuss and R.P. Quirk, Encycl. 
Polym Sci. Eng., Vol. 7, p. 551 (1987), Yoshiki Nakajo and Yuya Yamashita, Senryo to Yakuhin . Vol. 30, p. 
232TT985): AkiFi Ueda and Susumu Nagai, Kagaku to Kogyo , Vol. 60, p. 57 (1986), and the literature cited 
therein. 

In more detail, Resin (B') can be prepared by a method in which a mixture comprising a monomer 
corresponding to the repeating unit of formula- (b-i). the above-described polyfunction^ monomer for 
forming a crosslinked structure, and a chain transfer agent containing a polar group to be bonded to one 
terminal is polymerized in the presence of a polymenzation initiator (e.g., azobis compounds and perox- 
ides) a method in which polymerization of these monomers is conducted by using a polymerization initiator 
containing the polar group instead of the chain transfer agent, a method in which polymerization is . 
conducted using both of the above-described chain transfer agent and polymerization initiator, a method 
according to any of the above-described three methods,, in which polymerization is conducted using a 
compound having an amino group, a halogen atom, an epoxy group, an acid halide group, etc., as a chain 
transfer agent or a polymerization initiator, followed by a high polymer reaction between such a functional 
group and the polar group to introduce the polar group, and the like. The chain transfer agent to be used % 
includes mercapto compounds containing the polar group or a substituent capable of being converted to the 
polar group (e.g., thioglycolic acid, thiomalic acid, thiosalicylic acid, 2-mercaptopropionic acid. 3-mercap- 
topropiomc acid. 3-mercaptobutyric acid, N-<2-mercaptopropionyi)glycine, 2-mercaptonicotinic acid, 3-[N-{2- 
mercaptoethyl)carbamoyl]propionic acid. 3-[N-(2-mercaptoethyl)amino]propionic acid N-(3-mercap- 
topropionyl)aianine, 2-mercaptoethanesulfonic acid, 3-mercaptopropanesulfonic acid, 4 T mercaptobutanesu!- 
fomc acid. 2-mercaptoethanol,- 3-rnercapto-1 .2-propanediol, 1-mercapto-2-propanoI. 3-mercapto-2-butancl, 
mercaptophenyl-2-mercaptoethylam»ne. 2-mercaptoimidazole, and 2-mercapto-3-pyridinol) and alkyl iod.de 
compounds containing the polar group or the polar group forming substituent (e.g.. icdoacetic acid 
lodopropionic acid. 2-iodoethanol. 2-iodoethanesulfonic acid, and 3-iodopropanesulfonic acid). Preferred of 
them are the mercapto compounds. 

The chain transfer agent or polymerization initiator is usually employed in an amount of from 0.5 to lo. 
parts by weight preferably from 1 to 10 parts by weight per 100 parts by weight of the total monomers. 

In addition to Resins (A) and (B) (including Resin (B')). the resin binder may further comprise other 
resins, such as aikyd resins, polybutyrai resins, polyolefins, ethylene-vinyl acetate copolymers, styrene 
resins ethylene-butadiene copolymers, aery late-butadiene copolymers, and vinyl alkanoate resins. 

The proportion of these conventional resins should not exceed 30% by weight based on the total 
binder. Should it be more than 30%. the effects of the present invention, particularly improvement in 
electrostatic characteristics, are lost. 

The ratio of Resin (A) to Resin (B) can vary depending on the kind of, particle size of, and surface 
conditions of the inorganic photoconductive material used. In general, the weight ratio of Resin (A) to Resin 
(B) is 5 to 80:95 to 20, preferably 15 to 60:85 to 40. 

Examples of inorganic, photoconductive materials which can be used in the present invention include 
zinc oxide, titanium oxide, zinc sulfide, cadmium sulfide, cadmium carbonate, zinc selenide, cadmium 
selenide. tellurium selenide, and lead sulfide. 

The resin binder is used in a total amount of from 10 to 100 parts by weight preferably from 15 to 50 
parts by weight, per 100 parts by weight of the inorganic photoconductive material. 

If desired, the photoconductive layer may further contain various dyes as spectral sensitizers, such as . 
carbonium dyes, d i ph en ylm ethane dyes, triphenylmethane dyes, xanthene dyes, phthalein dyes, poly- 
methine dyes (e.g., oxonol dyes, merocyanine dyes, cyanine dyes, rhodacyanine dyes, styryl dyes), and 
phthalocyanine dyes inclusive of metal-phthalocyanine dyes, as described, e.g., in Harumi Miyamoto and 
Hidehiko Takei, imaging, Vol. 1973, No. 8, p. 12, C.J. Young, et al., RCA Review , Vol. 15, p. 469 (1954), 
Kohei Kiyota. et al., Denki Tsushin Gakkai Ronbunshi J 63-C, No. 2, p. 97 (1980), Yuji Harasaki, et aL, 
Kogyo Kagaku ZaashlT VoL 6T^78and 188 (1963), and Tadaaki Tani. Nippon Shashin Gakkaishi , Vol. 

3TpT208 (1972). " 
' More specifically, suitable carbonium dyes, triphenylmethane dyes, xanthene dyes and phthalein dyes 
are described in JP-B-51-452, JP-A-50-90334, JP-A-50-1 14227, JP-A-53-39130, J P- A- 53-82353. U.S. Pat- 
ents 3.052,540 and 4,054,450 and JP-A-57-16456. Suitable polymethine dyes, e.g., oxonol dyes, 
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mm. U.S. — « 19 ,« and 

tend to vary depending on the kind of sensitizing dyes used in combination. 

The Dhotoconductive layer may additionally contain various conventional additives used in elec 

S«wo"o SnkoW no KaMsri-JIradycka . Chs. 4-6. Nippon Kagako Joho ShoppanOo (1986). The ampun 
SldiEens- St prrrMerry limited , but usrfy ranges eon, 0.000, » 2.0 pans by we,gm per ,00 

p nssro^»rcswri . ^ ^ ^ «. « .«* * • 

geneX EJET. charge w-portV ** pooBconducove layer luncw. as M pnerg. g.ne-e»ng 

^2, ,T IS i » coa.ed'n . rerg. OOakness. I, Ore m* o«, » «,sd,e.ng 

laver usuallv has a thickness of from 5 to 70 urn, preferably from 10 to 50 urn. 

MaS for the charge transport layer in the above-described laminate type photoreceptor include 
po^SbaLole Toxazole'dyes. pyrazoline dyes, and tripheny.methane dyes. The charge transport layer 
usually has a thickness of from 5 to 40 itm. preferably from 1 0 to 30 urn. 

The resin which can be used for formation of the insulating layer or charge- transport layer typ.caMy 
induces he moo a tic resins and curable resins, such as polystyrene resins, polyester resins, oejulose 
Snf JS Resins vinyl chloride resins, vinyl acetate resins, vinyl chloride-vinyl acetate copolymer 
lesins: lTZ^tw«« resins, urethane resins, epoxy resins, melamine resins, and silicone 

reSi T^e Dhotoconductive layer is formed on a conventional support. In general, the support for an 

■JS^tSSS^^ is preferab,y e,eCtriCa " y ****** ^ T S Z tSS a 
conductive supports may be utilized in this invention. Examples of usable conductive supports indude a 
t T2r^Ta \ metal sheet paper, a plastic sheet) rendered electrically conductive by. for example. 

m^gna n 1 a 33* • ^ ^ itS baCk ** ^ ** T£TS 

having "e photosensitive ,ayer thereon) being rendered conductive and further ^««M he reon * 
\»Z L laver for preventing curling, etc.; the above-described supports having further thereon a water 
^ZJZZTto^escrM supports having further thereon at least one precoat .ayer. 
and a paper laminated with a synthetic resin film on which aluminum, etc.. is deposited. 

S examp.es of suitabie electrically conductive supports and materials for imping *c£* 
conductivity are described in Yukio Sakamoto. Densh.shash.n . Vol. 14, No. 1, pp. 2-11 (1975). n royuw 
Totoshushi ™ IS** Kobunshi Kankokai (1975). and M.F. Hoover. J. MacromoK to 
«2L in greater detail by way of the foHowing Synthesis Exannple^ and 
Examples but it should be understood that the present invention is not deemed to be limited thereto. In 
these examples, all the ratios are by weight unless otherwise specified. 



SYNTHESIS EXAMPLE A-1 
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Synthesis of Resin (A)-1 



A mixed solution of 95 g of ethyl methacrylate and 200 g of toluene was heated to 90 'C under a 
nitrogen stream, and 5 g of 4 r 4-azobis(4-cyanovaleric acid) (hereinafter "ABCV") was added thereto. 
5 followed by allowing the mixture to react for 10 hours. The resulting copolymer was designated as Resin 
(A)-1. Resin (A)-1 had a weight average molecular weight (hereinafter referred to as "Mw") of 8,300. 



SYNTHESIS EXAMPLE A-2 



Synthesis of Resin (A)-2 

A mixed solution of 95 g of ethyl methacrylate, 5 g of thiogiycolic acid, and 200 g of toluene was 
heated to 75* C in a nitrogen stream, and 1.0 g of azobisisobutyronitrile was added thereto, followed by 
reacting for 8 hours. The resulting Resin (A)-2 had an Mw of 7,800. 

SYNTHESIS EXAMPLES A-3 TO A-1 1 



Synthesis of Resins (A)-3 to (A)- 11 

Resins (A)-3 to (A)-8 shown in Table 1 below were synthesized in the same manner as in Synthesis 
Example A-2, except for replacing thiogiycolic acid with each of the chain transfer agents shown in Table 1 
below. 
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TABLE 1 



5 



Synthesis , Mw of 

Sxa %g, e Resin (A) Chain Transfer Agent Resin [Aj 

3 (A)- 3 H5(CH 2 ) 2 -C0OH' 8/300 



10 



4 



(a)- 4 HS-CH-COOH 7,S00 



CH 2 -COOH 



15 - 5 (A)- 5 HS-<^> ' 7,700 

COOH 

20 6 (A) - 6 HSCH 2 CH 2 S0 3 H 7,600 

0 

!| 

25 7 (A)- 7 ES(CH 2 ) 3 0-?-OH 7,800 

OH 



30 . O 

!l 

8 (A) - 8 HS(CH 2 ) 2 0-P-0H . 

Ac,H- 

35 .25 



8,000 



40 



(A)- 9 HS^ ^OH 7,500 



45 



10 



(A) -10 HS 




^ VCH 2 CH 2 C0OH 



8,500 
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Synthesis 
Example A 
No. 



TABLE 1 (cont'd) 



Resin (A) Chain Transfer Agent 



. Mw of 
Resin (A) 



10 



11 



(A)-ll 



HSCK 2 CH 2 OCO 




8/600 



75 



SYNTHESIS EXAMPLES A-12 TO A-22 
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Synthesis of Resins (A)-12 to (A)-22 

Resins (A)-12 to (A)-22 shown in Table 2 below were synthesized in the same manner as in Synthesis 
Example A-1 except for replacing 95 g of ethyl methacrylate with each of the monomers or monomer 
mixtures shown in Table 2 below. The resulting Resins (A)-1.2 to (A)-22 had an Mw between 8.000 and 
9,000. 



TABLE 2 



30 



35 



40 



45 



50 



Synthesis 






Example 
A 






No, 


Resin 


Monomer (amount) 




(A) 




12 


(AH 2 


Propyl methacrylate (95 g) 


13 


(A)-13 


Butyl methacrylate (95 g) 


14 


(A)-14 


Benzyl methacrylate (95 g) 


15 


(A)-15 


Phenethyl methacrylate (95 g) 


16 


(A)-16 


Phenyl methacrylate (95 g) 


17 


(A)-17 


Methyl methacrylate (80 g) 






Methyl acrylate (15 g) 


18 


(A)-18 


Butyl methacrylate (90 g) 






Diacetone acrylamide (5 g) 


19 


(A)-19 


Ethy! methacrylate (55 g) 






Methyl methacrylate (40 g) 


20 


(A)-20 


Ethyl methacrylate (85 g) 






2-Methoxyethyl methacrylate (10 g) 


21 


(A)-21 


Ethyl melhacrylate (85 g) 






Styrene(10g) 


22 


(A)-22 


Benzyl methacrylate (90 g) 






2-Hydroxyethyl methacrylate (5 g) 



55 



28 
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w 



15 



20 



SYNTHESIS EXAMPLE A-23 



Synthesis of Resin (A)-23 

A mixed solution of 95 g of benzyl methacrylate and 200 g of toluene was heated to 95* C in a nitrogen 
stream and 5 g of 2,2-azobis(4-cyanoheptanol) was added thereto to effect reaction and the reaction was 
conducted for 8 hours. The temperature was reduced to 85' C. and 1.2 g of succinic anhydride and 1 g of 
pyridine were added thereto, followed by reaction, for an additional 10 hours. The resulting Resin (A)-23 had 
an Mw of 8,500. 

SYNTHESIS EXAMPLE A-24 



Synthesis of Resin (A)-24 

A mixed solution of 95 g of 2-chloro-6-methylphenyl methacrylate, 150 g of toluene, and 50 g of 
isoplanoi was heated to 80 'C in a nitrogen stream, and 5 g of ABCV was added thereto. foHowed by 
S^SS * react for 10 hours. The resulting Resin (A)-24 had an Mw of 6.500 and a Tg of 
40" C. 



25 



30 



Structure of Resin (A)-24: 



CH. CH- 

I < I CI 
HOOC-CH-CH.-C-eCH.-C^- \ 

I I 
CN CO' 



35 




40 SYNTHESIS EXAMPLES A-25 TO A-46 



45 



Synthesis of Resins (A)-25 to (A)-46 

Resins (A)-25 to (A)-46 shown in Table 3 below were synthesized in the same manner as in Synthesis 
Example A-24. The resulting Resins (A)-25 to (A)-46 had an Mw between 6,000 and 8.000. 



50 



55 



29 



0362804A2 J > 



EP 0 362 804 A2 



70 



15 



Synthesis 
Example A 
No. 



25 



TABLE 3 

CH 3 CH 3 

.1 I 
H00C-CH-CH--C-(CH :2 -C)— 

I • I 

CN C00-R 



Resin (A) Ester Sa bstituent R 



(A) -25 




C.l 



20 



25 



26 



(A) -26 




7 \\ 



Br 



30 



27 



(A) -27 




7 W 



/ 

CH. 



35 



40 



28 



(A)-28 



// V 



C 3 H 7 



45 



50 



55 



30 
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TABLE 3 (cont'd) 



10 



Synthesis 
Example A 

No, . 



29 



Resin (A) • Ester Substituent R 



(A)-29 



CI 

v 




'/ v 



/ 

ci 



is 



20 



30 



(A)-30 



Br 




/ 

CI 



25 



31 



(M-31 



Br 

V 



7 V 




/ 

Br 



30 



35 



32 



(A) -32 





\\ / 



40 



33 



(AJ-33 




45 



50 



55 



31 
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70 



Synthesis 
Example A 

No, 



34 



TABLE 3 (cont'd) 



Resin (A) - 
(A)-34 



Ester Substituent R 




75 



20 



35 



(A) -35 . -CH 




25 



30 



36 



(A)-36 




35 



40 



45 



37 



38 



(A)-37 



(A)-38 



-CH 2 CH 2 OCO 



CI 

-0 

CI 



-CHjCHj 




50 



55, 



32 
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TABLE 3 (cont'd) 



Synthesis 
Example A 

No . Resin (A) 

39 (A)-39 



40 (AJ-40 



41 (a)-41 



Ester Substituent R 




C 6 H 5 




43 ' (A)-43 




COCgHg 



33 
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Synthesis 
Example A 

No. 



44 



TABLE 3 (cont'd) 



Resin (A) 
(AJ-44 



Ester Substituent R 




C00CH- 



75 



20 



25 



30 



35 



45 



46 



(A)-45 



(A)-46 



-CIL 




G00CH- 




. C00CH- 



SYNTHESIS EXAMPLE A-47 



40 



Synthesis of Resin (A)-47 

A mixed solution of 97 g of 2,6-dichlorophenyl methacrylate, 3 g of thioglycolic acid, 150 g of toluene, 
and 50 g of isopropanol was heated to 65 *C in a nitrogen stream, and 0:8 g of azobisisobutyronitrile was 
added thereto to effect reaction for 8 hours. The resulting Resin (A)-47 had an Mw of 7,800 and a Tg of 
36' C. 



45 



Structure of Resin (A)-47: 



CH- 



50 



CI 



55 



Cl 



34 
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SYNTHESIS EXAMPLES A-48 TO A-53 



s Synthesis of Resins (A)-48 to (A)-53 

Resins (A)-48 to (AJ-63 shown in Table 4 below were synthesized in the same manner as in Synthesis 
Exampte A-47. except for replacing thioglycolic acid with each of the chain transfer agents shown m Table 4 
below. 



JO 



75 




20 



25 



30 



Synthesis 
Example A 
No. 

48 



49 



Resin (A) Y 

(A) -48 HOOC-eCH 

(A)-49 HOOC-CH- 

I 

HOCC-CH n 



Chain Transfer 
Agent 

HStCH 2 ) 2 -C0QH 



HS-CH-COOH 



CH 2 -COOH 



Mw of 
Resin (A) 

. 3, 100 
8.500 



35 



40 



50 



(A)-50 



// \ 




COOH 




COOH • 



7,800 



45 



51 



(A) -51 H0 3 &eCH 2 -tj- 



S«CH 2 ) 2 -S0 3 H 



8,000 



50 



52 



(A )-52 H0-P-0-(CH 2 ) 3 - HS*CH 2 ) 3 -0-P-OH 



OH 



OH 



7,500 



55 



53 



■0 
II 

(A)-53 H0-?-0-(CH 2 ) 3 - 
2 3 



HSfCH_) -O-P-OH 

1 I 
, 0C 2 H 5 



7,600 



35 
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SYNTHESIS EXAMPLE B-1 



5 Synthesis of Resin (B)-1 



followed by allowing the mixture to react for 10 hours. The result.ng Resin (B)-1 had an Mw of 4.2 



SYNTHESIS EXAMPLES B-2 JO B-1 9 



Synthesis of Resins (B)-2 to (B)-19 

R«in« tm 2 to (Bl-19 shown in Table 5 below were synthesized in the same manner as in Synthesis 
Exam^e a£ exc^pS uC-ch of the monomers or monomer mixtures and each of the crossing 
monomers or monomer mixtures shown in Table 5 below. 
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SYNTHESIS EXAMPLE B-20 

5 



10 



Synthesis of Resin (B)-20 

A .nixed soMion d 98 « of «hyl m^acrylaB 1 9 ^^^^M^X"^ 



SYNTHESIS EXAMPLES B-21 TO B-24 



20 



25 



Synthesis of Resjns (BKj to (B)-24 , 



3 x 10 5 . 
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SYNTHESIS EXAMPLE B-25 
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Synthesis of Resin (B>j5 

A mixed solution of 99 g of ethyl methacrylate, 1.0 g of 
200 q of toluene was heated to 80 C in a nitrogen -stream, and 0.8 g of 2 2 
carbonize) (hereinafter "ACHN") was added thereto to effect ^^^^^^ 
was added thereto, followed by reaction for 2 hours. Thereafter 0 2 g of ACHN was further 
by reaction for 2 hours. The resulting Resin (B)-25 had an Mw of 1 .2 x 1 0 . 



10 



SYNTHESIS EXAMPLES B-26 TO B-38 



15 



Synthesis of Resins (B)-26 to (B)-38 

Resins (Bh 26 to (B)-38 shown in Table 7 below were synthesized in the sa ™ ma ™ 
Example B-25. except for replacing 2.0 g of divinyibenzene, as a crossHnking polyfuncfona. monomer, w.th 
each of the crosslinking monomers or oligomers as shown in Table 7 below. 



20 



25 



30 



35 



40 



TABLE 7 . 


Synthesis 

Example 

B 


< 




No. 


Resin 
(B) 


Crosslinking Monomer or Oligomer (amount) 


Mw of Resin 
(B) 


26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 


(8)-26 
(B)-27 
(B)-28 
(B)-29 
(B)-30 
(B)-31 
(B)-32 . 
(B)-33 
(B)-34 
" (B)-35 
(B)-36 
(B)-37 
(B)-38 


Ethylene glycol dimethacrylate (2.5 g) 
Diethylene glycol dimethacrylate (3 g) 
Vinyl methacrylate (6 g) 
Isqpropenyl methacrylate (6 g) 
Divinyl adipate(10 g) 
Diallyl glutanonate (10 g) 
ISP-22GA (product of Okamura Seiyu K.K.) (5 g) 
Triethylene glycol diacrylate (2 g) 
Trivinylbenzene (0.8 g) 
Polyethylene glycol #400 diacrylate (3 g) 
Polyethylene glycol dimethacrylate (3 g) 
Trimethylolpropane triacrylate (0.5 g) 
J Polyethylene glycol #600 diacrylate (3 g) 


,2.2 x 10 5 
2.0 x 10 s 
1.8 x 10 s 
2,0 x 10 s 
1.0 x 10 s 
9.5 x 10 s 
1.5 x 10 s 
2.8 x 10 s 
3.0 x 10 s 
2.5 x 10 s 
2.5 x 10 s 
1.8 x 10 5 
2.8 x 10 s 



SYNTHESIS EXAMPLES B-39 TO B-49 



so Syntt^ojRes^ 



55 



between 9.5 x 10 4 and 2 x 10 5 . 
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TABLE 3 

Synthesis 

Example B Resin (B) Mercapto Compound 

39 (B)-39 CH 2 C00H 

HSCHC00H 




40 (B)-40 HS- 

COOH 

41 (B)-41 HSCH 2 CH 2 NH 2 



42 (B)-42 HSCH 2 CH 2 0-P-OH 

OH 



0 
II 

4 3 (B)-43 HSCH 2 CH 2 0-P-OH 

• ° C 2 H 5 



44 (B)-44 




45 (B)-45 HSCH 2 CH 2 COOH 
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Synthesis 
Example B 
No. 
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TABLE 3 t cont'd) 



Resin (B) 
(B)-46 



Nfprcap-to Compound 



HSCH 2 CH 2 SQ 3 H.N^J^> 



70 



75 



47 



48 



(B)-47 



(B)-48 



HSCH 2 CH 2 NHCO ( CH 2 ) 3COOH 



HSCH 2 CH 2 N 



CH, 



20 



49 



(B)-49 



HSCH 2 CH 2 OH 



25 



30 



35 



EXAMPLE 1 

A mixture of e g (on a so.id S ba*,) of "^X^XT* STSTiSW a 
solids basis) of Resin (B)-1 as synthesized *J^V, 9 and 300 of toluene was 

heptarnethinecyanine dye (A) shown below, 0.05 ig ^°21fc 0 aC composition. The composition was 



Dye (A): 



40 



4S 




H 3 C CH3 



CH. 



CH=CH-CH=C-CH=CH-CH=< 
(CH 2 ) 4 S0 3 9 (CH 2 ) 4 S0 3 K 




50 



55 



EXAMPLE 2 



An electrophotographic photoreceptor was prepared in the same manner as in Exampie 1. except for 
replacing 34 g of Resin (B)-i with 34 g (on a solids bas.s) of Res.n (6>25. ■ 
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COMPARATIVE EXAMPLE 1 

An electrophotographic photoreceptor was produced in the same manner as in Example 1, except for 
5 replacing 6 g of Resin (A)-1 -and 34 g of Resin (B)-1 with 40 g of Resin (A)-1 alone. The resulting 
photoreceptor was designated Sample A. 

COMPARATIVE EXAMPLE 2 

10 

An electrophotographic photoreceptor (Sample B) was produced in the same manner as in Comparative 
Example 1 , except for using 40 g (on a solids' basis) of an ethyl methacrylate/acrylic acid copolymer (95/5 
by weight; Mw =^7,500) (hereinafter referred to as Resin (R)-1) in place of 40 g of Resin (A)-l. 

rs 

COMPARATIVE EXAMPLE 3 

20 An electrophotographic photoreceptor (Sample C) was produced in the same manner as in Comparative 
Example 1, except for using 40 g of an ethyl methacrylate/acrylic acid copolymer (98.5/1.5 by weight; Mw 
= 4,500 (hereinafter referred to as Resin (R)-2) in place of 40 g of Resin (A)-1 . 

25 COMPARATIVE EXAMPLE 4 

An electrophotographic photoreceptor (Sample D) was produced in the same manner as in Example 1 , 
except for replacing 6 g of Resin (A)-1 with 6 g of Resin (R)-1. 

30 

COMPARATIVE EXAMPLE 5 

35 An electrophotographic photoreceptor (Sample E) was produced in the same manner as in Example 2, 
except for replacing 6 g of Resin (A)-1 with 6 g of Resin (R)-1. 

Each of the photoreceptors obtained in Examples 1 and 2 and Comparative Examples 1 to 5 was 
evaluated as to film properties in terms of surface smoothness and mechanical strength; electrostatic 
characteristics; image forming performance; oil desensitivity of the- photoconductive layer in terms of 
40 contact angle with water after oil desensitization; and printing suitability in terms of stain resistance and 
printing durability in accordance with the following testing methods. 
The results obtained are shown in Table 9 below. 



as 1 ) Smoothness of Photoconductive Layer: 

The smoothness (sec/cc) was measured using a Beck's smoothness tester manufactured by Kumagaya 
Riko K.K. under an air volume condition of 1 cc. 

50 

2) Mechanical Strength of Photoconductive Layer: 

The surface of the photoreceptor was repeatedly rubbed with emery paper (#1000) under a load of 50 
g/cm 2 using a Heidon 14 Model surface testing machine (manufactured by Shinto Kagaku K.K.). After 
55 dusting, the abrasion loss of the photoconductive layer was measured to obtain film retention (%). 

3) Electrostatic Characteristics: 

44 
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10 



15 
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25 
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40 



The sample was charged with a corona discharge to a voltage of -6 KV for 20 seconds in a dark room at 
2D* ^and 65% RH using a paper analyzer ("Paper Analyzer SP-428" manufactured by Kawaguch, Denk, 
KK^ the lapse of 9 10 seconds.from the end of the corona discharge, the surface potent-al V,,, was 
Lasured The ample was allowed to stand in the dark for an additional 90 seconds and the Rental V,oo 
was measured The dark decay retention (DRR; %), i.e.. percent retention of potent.a. after dark decay for 
90 seconds, was calculated from the equation: 

DRR sipLrteir°he's1m P Ie 0 U charged to -400 V with a corona discharge and then exposed to light 
emitted by a gallium-aluminum-arsenic semiconductor laser (oscillation wavelength: 830 nm). and the time 
Quired for the decay of the surface potential V„ to one-tenth of the original value was measured to obtam 

"TTe^mentfviere conducted under conditions of 20'C and 65% RH (relative humidity) 
(hereinafte7rSerred to as "Condition I") or 30* C and 80% RH (hereinafter referred to as "Cond.tion II ). 

4) Image Forming Performance: 

After the samples were allowed to stand for one day under Condition I or Condition II, each sample was 
charged to TA and exposed to light emitted by a ga.llum-a.uminum- a rsenic sem.conductor laser 
osSon wavelength: 830 nm; output: 2.8 mW) at an exposure amount* 64 ycm 
he photoconductive layer) at a pitch of 25 urn and a scanning speed of 300 m/seaThe *«<«"^£ 
• image was developed with a liquid developer ("ELP-T" produced by Fuj. Photo Rim Co.. Ltd.). followed by 
fixing. The fog and image quality of the reproduced image were visually evaluated. 

5) Contact Angle with Water: 

The sample was passed once through an etching processor using an oil-desensitizing solution ("ELP-E" 
pJ£dT? Fu,l Photo Film Co., Ltd,) to render the surface of the photoconductive jayeroiWesensibve. A 
drop of 2 J of distilled water was placed on the thus oil-desensitized surface, and the contact angle formed 
between the surface and the water was measured using a goniometer. 

6) Printing Durability: 

The sample was processed in the same manner as described in 4) above and the surface , of the 
photoconductive layer was subjected to oil desensitization under the same ^^^^ £? 
resulting lithographic printing plate was mounted on an offset pr-nting mach.ne ( O'-er Mode. 52 
manufactured by Sakurai Seisakusho K.K.). and printing was carried out on f.ne paper. The number of pnnts 
obtain £ until background stains in the nonimage areas appeared or the quality of *e image m^rn 
deteriorated was taken as the printing durability. The larger the number of the pnnts. the h.gher the pnnting 
durability. 
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As can be seen from the results in Table 9, each of the photoreceptors according to the present 
invention exhibited satisfactory surface smoothness, film strength, and electrostatic characte rist.cs When rt 
was used as an offset master plate precursor, the reproduced image was clear and free from background 
s stains in the nonimage area. These results are attributed to sufficient adsorption of the binder resin onto he 
photoconductive substance and sufficient covering of the surface of the photoconduchve parities with the 
binder resin. For the same reason, oil desensitization of the offset master plate precursor w.th an o.l- 
■ desensitizing solution was sufficient to render the nonimage area sufficiently hydrophilic, as .s demonstrated 
by the small contact angle of 20* or less with water. No background stains were observed .n the pnnts on 
to practical printing using the resulting master plate. 

Sample A, in which only Resin (A) of. the present invention was used as a b.nder, showed qu.te 
satisfactory electrostatic characteristics, but the printed image quality of an offset master plate produced 
therefrom was deteriorated from the 3,000th print. 

Sample B had a decrease in DRR and an increase in E V io- 
, 5 Further Sample C using a binder resin having the same chemical structure as that used in Sample B 
but having 'an' increased weight average molecular weight resulted, in serious deterioration of the electro- 
static characteristics. This is probably because an increased molecular weight caused not only adsorption 
onto the photoconductive particles but agglomeration of the particles. 

Overall, an electrophotographic photoreceptor satisfying both the requirements of electrostatic char- 
20 acteristics and printing suitability cannot be obtained without use of the binder resin accordmg to the 
present invention. 
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EXAMPLES 3 TO 26 



An electrophotographic photoreceptor was produced in the same manner as in Example 1. except for 
replacing Resin (AH and Resin (B)-1 with each of Resins (A) and each of Resms (B) shown ,n Table 10 

below, respectively. . u „«.,,,«„„ 

The electrostatic characteristics as determined under Condition II and printing durability of the resulting 
photoreceptors were evaluated in the same manner as in Example 1. and the results obtained are also 
shown in Table 10 below, 
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TABLE 10 





Example 
Mo". 


Resin (A) 


ices in ( d ; 




5 










3 


(A)- 4 


. (B)- 2 


560 


70 


4 


(A) - 5 


(B)- 2 


555 




5 


- (A)- 4 


(3)- 4 • 


560 




c 
o 


(A)- 5 


(3)- 4 


550 


T5 


7 


(A)- 7 


(B ) - 5 


545 






(A)- a 


(B)- 6 


555 


20 


Q 

_ y 


(A)- 9 


(3)- 7 


540 




:1Q 


(A)-10 


(B)r 7 


550 




.11 


(A) -11 


(3)- 8 


555 


25 


12 


(A)-12 


(B)rlO 


540 




13 


(A)-13 


(B)-ll 


565 


30 


14 


(A)-15 


(B)-U 


550 




15 


(A)-16 


(B)-16 


555 




15 


(A)-17 


<B)-10 


530 


35 


17 


(A)-18 


(B)-20 


550 




ia 


(A)-19 


(B)-21 


. 555 


40 


19- 


(A)-20 


(3)-22 


540 




20 


(A) -21 


(3)-23 


540 


45 


21 


(A)-22 




530 




22 


(A)-14 


(3)-35 


565 




23 


(AJ-14 


(BJ-39 


565 



50 



55 



49 



D51R 
(X) 


2 , 
1/L0 


Printing 
Durability 


(erg /cm 2 ) 


_ 


33 


33 


3,000 


85 


37 


8,000 


82 


•39 


8,000 


82 


40 


8,000 


80 


42 


8,500 


82 


40 


8,000 


85 


38 


8,500 


32 


40 


a,5oo 


31 


40 


3,00.0 


83 


41 


8,000 


86 


37 


8,500 


83 


40 


8,000 


33 


^0 


8,000 


80 


38 


3,000 


81 




8, 300 




40 


10,000 
or more 


80 


40 


■ 


31 


39 




80 


41 


* 


87 


35 




35 


35 
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TAB LE 10 (cont'd) 

ile 

No. 



, Printing 
Example y E 



24 



Resin (A) Resin (B) _10 DRR 1/10 Durability 

<- V > (Z) (erg/on 2 ) 

(A)-14 (B)-40 560 84 36 10.000 

oc more 



25 (A) - 2 (B)-41 ' 555 82 41 

26 (A)-. 2 (B)-44 ' 565 83 42 

It can be seen from the results in Table 10 that each of the photoreceptors according to the present 
invention exhibits excellent electrostatic characteristics even when processed under ^^^ZrSl 
conditions. An offset master plate produced from each of these photoreceptors exhibited satisfactory 
printability. 

EXAMPLES 27 TO 45 

A mixture of 6.5 g each of Resins (A) shown in Table 11 below, 33.5 g each of Resins (B) shown in 
Table 11 below. 200 g of zinc oxide. 0.05 g of Rose Bengale. 0.03 g of Tetrabromopheno Blue 0.02 g of 
uranine. 0.01 g of phthalic anhydride, and 240 g of toluene was dispersed in a ball mHI for 2 hours. The 
resulting photoconductive composition was coated on a paper, rendered electncally conductive, with a w re 
bar ra Chickness of 18 g/m* and heated at 110*0 for 30 seconds. Then, the resulting coated matenal 
30 was allowed to stand at 20 ' C and 65% RH for 24 hours to obtain an electrophotographic photoreceptor 

The electrostatic characteristics as determined under Condition II and the printing durability of the 
resulting photoreceptors were evaluated in the same manner as in Example 1. except that photosensitivity 
e!"„ lux-sec) was determined by exposing the photoconductive layer (charged to 400 V) to v,s|b.e tight o 
2.0 lux and determining the time required for the surface potential (V„) to decrease to one-tenth ttie Mnrtjal 
35 value and an offset master plate was produced using an automatic plate makmg machine ( ELP wv . 
manufactured by Fuji Photo Rim Co.. Ltd.) and a toner ("ELPT" produced by Fuji Photo F.lm Co.. Ltd.) to 
form a toner image. The results obtained are shown in Table 1 1 below. 
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TABLE 11 





Example 
No. 


Resin (A) 


Resin 


(B) 




DRR 


E l/10 


Printing 
Durability 


5 










(-V) 


(2) 


(lux- sec) 






27 


(A)- 1 


(B)- 


2 


550 


88 


6 . 3 


8 , 000 




28 


(A)- 2 


.(B)- 


4 


555 


89 


6 . 0 


* 


70 




















29 


(A) - 3 


(B)- 


5 


550 


89 


6.0 






30 


(A) - 4 


(B) - 


6 


550 


88 


6.4 




15 


31 


(A)- 5 


(B)- 


7 


,555 


39 


6.0 


8 , 500 




32 


(A)- 6 


(B)- 


7 


545 


86 


6.0 






33 


(A)- 7 


(3)- 


11 .. 


550 


• 86* 


6 .3 




20 


34 


(A)- S 


(B)- 


13 


. 540 


85 


6.4 


8,000 




35 


(A)- 9 


(B)- 


15 


550 


87 


6.0 




25 


36 


(A)-10 


(B)- 


13 


555 


88 


6.2" 






3 / 




(B)- 


19 


560 


86 


6.0 


10,000 
or more 


30 


38 


(A)-12 


(B)- 


24 


. 545 


87 


6.1 






39 


(A)-13 


(3)- 


49 


555 


84 


6.2 








(A)-14 


(B)- 2 


565 


90 


5.7 


8,000 


35 




















41 


(A)-16 


(B). 


. 4 


565 


39 


5.3 






LI 


(A)-17 


(3). 


-21 


530 


83 


6.5 




40 


43 


(A)-ia 


(B)- 


• 22 


550 


82 


6.9 


10,000 
or more 




44 


(A)-20 


(B) 


-23 


530 


82 


7.3 


T 


45 


45 


(A)-23 


(3) 


-49 


550 


37 


6.2 


■n 



As can be seen from the results in Table 11. each of the resulting photoreceptors according to the 
present nvention had excellent charging properties, dark charge retention, and 
so provided a clear reproduced image free from background fog even when processed under severe 
conditions of high temperature and high humidity (30 C, 80% RH). 

When an offset printing master plate produced from each of these photoreceptors was used for pnnbng. 
prints of clear image in the number indicated in Table 1 1 above could be obtained. 



ss 

Claims 



1. An electrophotographic photoreceptor comprising a support having thereon at least one pfcotocond,uc- 
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tive layer containing at least an inorganic photoconductive material and a binder resin, wherein the binder 
resin contains 

(A) at least one resin having a weight average molecular weight of from 1 x 10 3 to 3 x 10* with at 
least one substituent selected from -P0 3 H 2 , -S0 3 H, -COOH, 

0 
II 

-P-OH, 
I 

R 

wherein R represents a hydrocarbon group having from 1 to 10 carbon atoms or -OR, wherein R 
represents a hydrocarbon group having from 1 to 10 carbon atoms, and a cyclic acid anhydridecontaining 
group, being bonded to one or both of the terminals of the polymer main chain thereof, and 

(B) at least one resin having a weight average molecular weight of 5 x 10 4 or more and containing, 
as a polymerization component, at least a repeating unit represented by formula (b-i): 



(b-i) 



wherein T represents -COO-. -OCO-, -CH 2 OCO-, -CH 2 COO-, -O- or -S0 2 -; V represents a. hydrocarbon 
group having from .1 to 22 carbon atoms; and ai and which may be the same or different, each 
represents a hydrogen atom, a halogen atom, a cyano group, a hydrocarbon group having from 1 to 8 
carbon atoms, -COO-Z, or -COO-Z bonded via a hydrocarbon group having from 1 to 8 carbon atoms, 
wherein Z represents a hydrocarbon group having from 1 to 18 carbon atoms; and wherein said Resin (B) is 
partially crpsslinked. 

2. An electrophotographic photoreceptor as claimed in Claim 1 , wherein said Resin (A) contains, as a 
polymerization component not less than 30% by weight of at least one repeating unit represented by 
formula (a-i) or (a-ii): 

CH 




3 



COO-W 




* V) (a-i) 
X 2 



wherein X- and X 2 each represents a hydrogen atom, a hydrocarbon group having from 1 to 10 carbon 
atoms, a chforine atom, a bromine atom. -COY1 or -COOY 2l wherein Y, and Y 2 each represents a 
hydrocarbon group having from 1 to 10 carbon atoms, provided that both X1 and X 2 do not simultaneously 
represent a hydrogen atom; and W1 represents a bond or a linking group containing from 1 to 4 linking 
50 atoms which connects the -COO- moiety and the benzene ring 
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(a-ii) 



has at least one polar group selected from -P0 3 H 2 , -SO3H, -COOH. -OH, -5H. 



J5 

0 

-I -OH, 

I 

20 OR' 1 



.herein R" represents a hydrocarbon group, a oyc.ic acid anhydride-containing group, -CHO, -CONH, 
-SO2NH2 and 
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„ h e,„n b, and b. "No,, ma, b. «. - <—* ^ 'TTfL^f ^ *- °* ' 
bond* to only one of the terminals of of leas, one man oh« . «W 

the acidic group bonded to the polymer main chain in the Res.n (A) « u.a 10 

(A) has a glass transition point ol f fronr . -10 C to 100 ^ ^ ^ ^ ^ ^ 

7 An electrophotographic photoreceptor as ciaimea in uwim 
X, and X, each presents a hydrogen atom, a chtodne ^ a brom.ne atom, 

4 carbon atoms, an aralkyl group having from 7 to * <^ *m ^ "^Zd * with the proviso that X, 
wherein Y, and Y a each, represents any of the Mrc^rbon group or X, and X 2 w P 
and X 2 do not simultaneously represent a hydrogen atom. W, represents 

containing 1 to 4 atoms and W 2 has the same meaning , «j 1 Wi. ^ 

- - — ■ ~ c acid 

a n d t ^Photographic photoreceptor as -^^^ SZSEtt 
anhydride ring is a succinic anhydride nng. a ^™.^%^™\\c acid anhydride ring, a 
cyclopentane-1.2-dicarboxylic acid anhydride ring, a c ^J^fj2Sa^Bc acid anhydride 
cyclohex e ne-1.2-dicarboxylic acid anhydride .nng or a ^^S^SS^^m ^kyl group 
ring, which rings may be unsubstituted ^ ^^l^J^S^^S. * naphthaiene-dicarboxylic 
and said aromatic dicarboxylic acd f^^^^ * ""3 ^ ophe n Jdicarboxylic acid anhydride 
S Stars ^^^rir^L 0. aW* atom, an a-Ky, group, a 
hydmxyl grou^ a cyano group, a nitro group and an alkoxycarbonyl group. 
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wherein T represents -COO-, -OCO-, ,CH 2 0C0-, -CH 2 COO, -0- or -S0 2 -; V represents a hydrocarbon 
group having from 1 to 22 carbon atoms; and ai and a 2 , which may be the same or different, each 
represents a hydrogen atom, a halogen atom, a cyano group, a hydrocarbon group having from 1 to 8 
carbon atoms, -COO-Z, or -COO-Z bonded via a hydrocarbon group having from 1 to 8 carbon atoms, 
wherein Z represents a hydrocarbon group having from 1 to 18 carbon atoms; and wherein said Resin (B) is 
partially crosslinked: The photoreceptor exhibits excellent electrostatic characteristics, image forming 
performance as well as printing suitability regardless of a change in envirorunental conditions or the kind of 
sensitizing dye used in combination with the photoreceptor. 
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